Decameric GTP cyclohydrolase I forms complexes with two pentameric GTP cyclohydrolase I feedback regulatory proteins in the presence of phenylalanine or of a combination of tetrahydrobiopterin and GTP.
The activity of GTP cyclohydrolase I is inhibited by (6R)-L-erythro-5,6,7,8-tetrahydrobiopterin (BH4) and stimulated by phenylalanine through complex formation with GTP cyclohydrolase I feedback regulatory protein (GFRP). Gel filtration experiments as well as enzyme activity measurements showed that the number of subunits of GFRP in both the inhibitory and stimulatory complexes is equal to that of GTP cyclohydrolase I. Because GFRP is a pentamer and GTP cyclohydrolase I was shown here by cross-linking experiments to be a decamer, the results indicate that two molecules of a pentameric GFRP associate with one molecule of GTP cyclohydrolase I. Gel filtration analysis suggested that the complex has a radius of gyration similar to that of the enzyme itself. These observations support our model that one molecule of GFRP binds to each of the two outer faces of the torus-shaped GTP cyclohydrolase I. For formation of the inhibitory protein complex, both BH4 and GTP were required; the median effective concentrations of BH4 and GTP were 2 and 26 microM, respectively. BH4 was the most potent of biopterins with different oxidative states. Among GTP analogues, dGTP as well as guanosine 5'-O-(3'-thiotriphosphate) exhibited similar inducibility compared with GTP, whereas other nucleotide triphosphates had no effect. On the other hand, phenylalanine alone was enough for formation of the stimulatory protein complex, and positive cooperativity was found for the phenylalanine-induced protein complex formation. Phenylalanine was the most potent of the aromatic amino acids.